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Abstract 
The development of carbon materials with the increased adsorption activity toward some toxic substances and with detoxifying 
and correcting properties by controlling their surface chemistry is of practical importance because it extends the spectrum of 
biospecific sorbents. Methods were devised to produce veterinary preparations by modification of the carbon enterosorbent 
Zoocarb. This enterosorbent was synthesized from nanodispersed carbon using the matrix synthesis technology at the Institute of 
Hydrocarbons Processing SB RAS (Omsk, Russia) and is widely employed in agribusiness. Physicochemical and medical-
biological properties of Zoocarb are described. This enterosorbent has some advantages over other sorption preparations and is a 
promising support for the synthesis of modified enterosorbents that can be used to obtain safe and efficient targeted veterinary 
preparations. The synthesis of such preparations and the studies of physicochemical properties of the modified sorbents, in 
particular their adsorption behavior in model and real systems, are reported. It was found that the devised preparations are 
bifunctional and exhibit both the adsorptivity of nanoporous carbon matrix and the immunocorrecting action of biologically active 
components. The developed medicinal preparations are promising for use in veterinary practice. 
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1. Introduction 
The existing environmental conditions, the growing intensity of physicochemical and biological factors affecting 
the organism of animals and poultry, errors in their housing and feeding conditions as well as a wide use of medicinal 
preparations, vaccines, synthetic pyrethroids, particularly the antiparasitic preparations, create prerequisites for the 
development of immunopathology, metabolic imbalance, gastrointestinal and hepatic diseases, lowering the general 
resistance of the organism and productivity of animals. 
Searching and creating the advanced highly efficient and safe preparations that are able to correct such states, 
diminish the adverse effect of detrimental factors and enhance natural and specific resistance of animals are the 
important tasks of modern biotechnology and veterinary pharmaceutics. 
Detoxification of the animal organism is usually performed with the use of various enterosorbents (polysorb, 
polyphepan, enterosgel, activated carbon and others), which remove harmful substances that can enter the human 
body with farming products. Of special interest are mesoporous carbon sorbents based on nanodispersed carbon that 
are able to remove toxins of medium and low molecular weight, in particular the synthetic pyrethroids. 
The goal of this work was the development of nanodispersed carbon sorbents modified with biologically active 
substances using bionanotechnologies and investigation of their functional properties to estimate the possibility of 
their introduction in veterinary practice. 
2. Materials 
The carbon support was represented by a mesoporous carbon enterosorbent Zoocarb (Specs. TU 9318-003-
71069834-2006) that was produced from the porous carbon material (Specs. TU 38 41563-94) at the Institute of 
Hydrocarbons Processing SB RAS (IHP SB RAS) using the matrix synthesis technology. The Zoocarb enterosorbent 
was developed under the guidance of Distinguished Chemist of the Russian Federation, Lenin Prize laureate, Dr. Sci. 
Tech., Professor V.F. Surovikin [1]. Table 1 lists physicochemical and medical-biological properties of carbon 
enterosorbent Zoocarb. 
Table 1. Physicochemical and medical-biological properties of carbon enterosorbent Zoocarb. 
Parameter Characteristic and norm  
(TU 9318-003-71069834-2006) 
External appearance and color Bright spherical granules with the diameter from 0.1 to 1.0 mm, black or silver 
color, odorless 
Authenticity, mass fraction of carbon, %, no less than 99.5 
Weight loss on drying, %, no more than   10 
Residue after calcination, %, no more than  0.5 
Quantitative determination, adsorption activity toward 
methylene blue, μg/mg, no less than  
30 
Granulometric composition   A residue on the sieve with a screen size of 1.0 mm that passed the sieve with a 
screen size of 0.1 mm should not exceed 0.5% 
 
Microbiological purity 1 g of preparation should contain no more than 103 aerobic bacteria and 102 
yeast and mycelial fungi  
The presence of Enterobacteriaceaе, Pseudomonas aeruginosa and 
Staphylococcus aureus in 1 g of preparation is unacceptable  
 
The biologically active substances betulin and arginine served as the modifiers. The mesoporous carbon sorbent 
was impregnated with betulin (MW 442.7 g/mol, the average diameter of 1.4 nm). It was extracted from birchbark on 
a pilot plant at the Institute of Chemistry and Chemical Technology SB RAS (Krasnoyarsk, Russia). The synthesis 
was performed with L-arginine (MW 174.2 g/mol, the average diameter of 0.8 nm, Panreac, Spain); industrial 
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rectified ethyl alcohol, GOST 18300 (OSHA Ltd., Omsk); and glycerine, GOST 6259-75 (Fat Processing Plant, 
Saratov).  
To simulate toxic compounds, two substances were selected: lactalbumin (MW 14200 g/mol, the average diameter 
of 5 nm) and lysozyme (MW 14300 g/mol, the average diameter of 3.2 nm, Sigma-Aldrich, USA). 
3. Methods 
Physicochemical properties of the synthesized samples were examined using both the standard methods and the 
techniques devised specially for these materials [2]. The surface geometry and morphology of carbon sorbent samples 
were studied by scanning electron microscopy on a JSM–6460LV (JEOL, Japan) instrument. Their textural 
characteristics (specific surface area; total pore volume; micro- and mesopore volume) were estimated by the low-
temperature nitrogen adsorption on a Gemini 2380 (Micromeritics, USA) analyzer. The elemental CHNOS analysis 
was made on a Vario EL Cube (Elementar, Germany) analyzer. The qualitative composition of functional groups on 
the surface of tested samples was studied by infrared (IR) spectroscopy. IR transmission spectra were recorded on a 
NICOLET-5700 (Thermo Fisher Scientific, USA) spectrometer and processed using the ORIGIN software package 
for baseline correction and background smoothing. Total nitrogen was determined by the Kjeldahl method [3]. The 
content of oxygen-containing groups on the surface of tested samples was found titrimetrically [4, 5]. The adsorption 
activity of the tested samples toward the proteins simulating toxic compounds in blood, lysozyme and α-lactalbumin, 
was studied under model conditions. The adsorption of proteins was examined under static conditions at a 
temperature of 25±2°C. Solutions of the proteins were prepared using a phosphate buffer solution with pH 7.4. The 
data obtained were used to plot the graphic dependence f(x) = y “contact time versus the amount of substance 
adsorbed from the solution”. The concentration of substances in the solution was measured before and after the 
adsorption at a wavelength of 280 nm using the spectrophotometric method [6]. The amount of protein adsorbed from 
the solution was found from the difference between initial and final concentrations. The adsorption capacity of a 
sorbent under given conditions was calculated by the formula: 
gmg
m
VCeqCinit
a /,
)(  
 
where Cinit and Ceq are, respectively, the initial and equilibrium concentrations of protein in solution (mg/ml), V is 
the volume of solution (ml), and m is the mass of a sorbent sample (g). 
The bench medical-biological testing of the sorbents was carried out using original techniques at the Central 
Research Laboratory of the Omsk State Medical Academy. Adsorption properties of the samples toward cytokines 
(interleukin 6 – IL-6 and interleukin 8 – IL-8) were studied. The concentration of proinflammatory cytokines in blood 
serum of laboratory animals was measured before and after its contact with enterosorbents. Levels of interleukins 
were estimated by solid-phase enzyme immunoassay (EIA) on a Multiscan EX (Finland) plate photometer using Pro 
Con IL-6 and Pro Con IL-8 test kits (Protein Contour Ltd., St. Petersburg). Testing was performed using blood serum 
of laboratory animals (rats) with experimental peritonitis at the Omsk State Agrarian University, Department of 
diagnostics, noncontagious diseases, pharmacology, surgery and obstetrics. 
4. Results and discussions 
 
Enterosorption, similar to other therapies, is under continuous improvement. Tendencies in the development of this 
area depend on technological possibilities to create enterosorbents, methods of detoxification and metabolic 
correction, environmental situation, and feeding of different animal species. The development and investigation of 
advanced, efficient, non-toxic complex preparations for the prevention and therapy of gastrointestinal diseases, 
metabolic control, increasing the body resistance, and stimulating the growth and productivity of animals are the 
topical tasks of veterinary science. 
It should be noted that biospecific and prolonged-action enterosorbents are absent in the veterinary pharmaceutical 
market. This is related to their high cost and production difficulties. 
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Highly efficient and safe carbon sorbents are of special interest. The development of carbon materials with 
the enhanced adsorption activity toward certain toxic substances and with detoxifying and correcting 
properties by controlling their surface chemistry is of practical interest since it can extend the spectrum of 
biospecific sorbents. 
Synthesis of veterinary preparations. Betulin extracted from the external layer of birchbark was chosen as the 
biologically active substance. Betulin is safe for animals (toxicity class 4 according to international classification) and 
protects the liver, capillaries and gastrointestinal system [7]. Betulin is promising for use in pharmaceutical industry 
due to its antiseptic, anti-inflammatory, antiviral (herpes virus), antioxidant and other useful properties [8, 9]. 
The application of betulin is limited by its insolubility in water and insufficient solubility in many organic solvents 
(in  ethanol, 0.9 g/100 g at 20°C and 4.3 g/100 g at 78°C). Since betulin is introduced with a feeding mixture, it is 
difficult to determine precisely a dose of the preparation obtained by an animal. In the development of a method for 
modification of the carbon sorbent with betulin, one of the main problems was to devise technological procedures for 
the transformation of betulin into soluble state upon variation of its dispersion. Betulin is insoluble in water but 
dissolves quite readily in boiling alcohol, ethers (for example ethyl acetate), chloroform and benzene. A mixture of 
ethanol with glycerine (respectively, 92%: 8% by volume) was used as a solvent. The addition of glycerine promotes 
the desorption of betulin into biological medium of the animal organism, which was a necessary condition for 
efficient use of the synthesized sample as a preparation with prolonged action. Pore structure of the mesoporous 
carbon sorbent was impregnated with the ethanol-glycerine solution of betulin in several steps. 
The technology developed for the production of the composite veterinary preparation “Betulin in carbon 
microsphere” (BCM) provides nanodispersion of betulin particles via its dissolution in organic solvent with 
subsequent impregnation of the carbon sorbent. 
Modification of the carbon enterosorbent with betulin was carried out in several steps: 1) preparation of the 
ethanol-glycerine  solution of 1% betulin at a weight ratio of betulin: glycerine: ethanol = 0.07 : 0.14 : 1 (the 
dispersion step); 2) impregnation of the mesoporous carbon sorbent with an alcohol solution of betulin and glycerine 
at a weight ratio of betulin solution to carbon support equal to 0.4 : 1; 3) recovery of ethylene from the reaction  
mixture in the impregnating reactor after impregnation of the sorbent; 4) drying of the preparation at 150°C; 5) 
packing of pilot lots of BCM: the dried preparation was cooled to room temperature and packed in polyethylene cans, 
25 kg per can. 
Arginine (1-amino-4-guanidine valeric acid, 2-amino-5-pentanoic acid) is the aliphatic α-amino acid. In the 
organism, arginine is present both in a free form and as a component of proteins (protamines have a high content of 
arginine). Arginine is the main source of nitric oxide (NO) in the organism, and this determines all its biological 
functions. Arginine has two base sites (the (NH2-) amino group in D-position and the guanidine group in G-position) 
and the acid site represented by the (СООН-) carboxyl group [5,10]. 
Chemical modification of the carbon sorbent surface with arginine followed by polycondensation was performed 
in several steps: 1) impregnation of the carbon sorbent sample with a 15% aqueous solution of arginine (pH 10.76) for 
1 h at a sorbent to modifier solution ratio of 1:5 and the reaction mixture temperature of 20±2° under continuous 
stirring; 2) thermal treatment of the impregnated sorbent at 105±2qC to a constant mass in a drying oven; 3) repeated 
impregnation of the sorbent with a 15% aqueous solution of arginine for 1 h at the reaction mixture temperature of 
20±2°C under continuous stirring; 4) drying of the sorbent at 105±2qC to a constant mass in a drying oven; 5) 
polycondensation of the carbon sorbent sample in a flow-type furnace in argon for 15 min at 160±2°C to provide a 
more strong fixing of the modifier on the carbon material.  
Physicochemical characteristics of modified enterosorbents. The surface geometry and morphology of the tested 
sorbents were examined by scanning electron microscopy (Fig. 1). The distribution of modifiers on the surface of 
carbon support particles was revealed. After modification, the shape and size of carbon sorbent granules did not differ 
from those of the initial sample. It was found that under the chosen conditions of synthesis, betulin and glycerine used 
as the modifiers were distributed locally on the sorbent surface and filled the slots, channels and pores. Betulin was 
deposited on the sorbent surface as finely dispersed particles. 
At the chosen parameters of modification, the impregnation with the arginine solution followed by 
polycondensation of the modifier on the carbon sorbent surface produced a local (island) distribution of the polymer 
film as nodes or accretions on the sorbent surface. 
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Textural characteristics make it possible to determine the distribution of modifier, specific surface area of modified 
samples, pore volume and radius. Modification of the carbon material is accompanied by filling of the pore space 
with the modifier, this decreases the specific surface area and total pore volume of the sorbent. Table 1 lists textural 
characteristics of the studied samples. The analysis of the acquired data showed that the impregnation of the carbon 
sorbent pore structure with betulin decreased the specific surface area from 306 to 212 m2/g and the total pore volume 
from 0.398 to 0.249 cm3/g. The mesoporous nature of the surface was retained. 
Polycondensation of arginine on the carbon material decreased the specific surface area and the total pore volume 
due to a loss in the volume of mesopores on the surface of which the polycondensation reaction may proceed (Table 
2). This was accompanied by a complete disappearance of micropores. Specific surface area of the modified sample 
decreased twofold in comparison with the initial material, but the mesoporous structure was preserved. The study of 
textural characteristics of the modified sorbents corroborated the presence of a local coverage of the sorbent surface 
(Fig. 1). 
Thus, it was found that modification of the carbon sorbent with the indicated modifiers changes its textural 
characteristics with preservation of the mesoporous structure. 
X-ray diffraction analysis confirmed that modification of the carbon enterosorbent with the selected modifiers does 
not change the sorbent structure. It means that all intrinsic properties (mesoporous structure, strength, 
biocompatibility, etc.) of the material are retained. 
According to the analysis of data obtained on an elemental CHNOS analyzer (in the bulk of material), the 
deposition of a modifier altered the elemental composition of samples. Modification of the carbon sorbent with 
betulin decreased the total carbon content from 98.46±0.26% to 97.83±0.09% but increased the content of hydrogen 
(from 0.27±0.08 to 0.37±0.01%) and oxygen (from 0.96±0.07% to 1.25±0.06%). Polycondensation of arginine on the 
carbon sorbent surface decreased the total content of carbon from 98.46±0.26% to 90.89±0.29%, increased the 
content of hydrogen (from 0.27±0.08 to 0.95±0.08%) and oxygen (from 0.96±0.07% to 4.78±0.04%) and resulted in 
the appearance of up to 3.18±0.09% of nitrogen in the sample. 
IR spectroscopy was used to obtain spectra of the modifiers, initial sorbent and modified carbon sorbent samples 
(Fig. 2). Upon impregnation of the carbon sorbent with betulin, the absorption band in the region of 1720 cm-1 
corresponding to vibrations of carbonyl and carboxyl groups disappeared from the IR spectrum. The bands at 1000-
1200 cm-1, assigned to stretching vibrations of the C-O bond in alcohols and phenols, strongly increased (Fig. 2a). 
Such changes in the spectrum may be caused by modification with betulin in the ethanol-glycerine solution. The 
observed redistribution of functional groups on the carbon sorbent surface can be attributed to the introduction into its 
pore structure of the modifier having the СН2=С double bond and the corresponding functional groups (СН3, СН2, 
СН). 
The analysis of IR spectra of arginine revealed that the amino acid was in the ionized state represented by bipolar 
ions (zwitterions). The absorption bands of non-ionized C=O group were observed (Fig. 2b). Modification of the 
carbon material with polyarginine increased the intensity of a.b. at 1150 and 1210 cm-1 and led to the appearance of 
a.b. at 1025 and 1050 cm-1 corresponding to vibrations of С-О and С-N bonds, which may indicate the modification 
with the corresponding amino acid. Noteworthy is the appearance of a.b. at 1650 cm-1 in the samples containing 
arginine as a modifier. This band may correspond to asymmetric deformational vibrations of NH3
+ and С=О group 
conjugated with the aromatic ring. Thus, IR spectroscopy data demonstrate that modification of the carbon sorbent 
with biologically active substances produces changes in the qualitative composition of functional groups. 
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Mesoporous carbon material (a magnification of x100, x500 and x1000) 
  
Mesoporous carbon material impregnated with betulin (a magnification of x100, x300 and x1000) 
  
Mesoporous carbon material modified with polyarginine (a magnification of x80, x300 and x1000) 
Fig. 1. Electron microscopy images of granules and surface of the tested sorbents. 
Table 2. Textural characteristics of tested carbon sorbent samples. 
 
Sample 
Specific surface area, SBET, 
m2/g 
Total pore 
volume, cm3/g 
Pore volume, cm3/g 
micropores mesopores macropores 
 
Initial carbon sorbent 
 
306±12 0.398 0.016 0.351 0.031 
 
Carbon sorbent modified with betulin 
 
228±6 0.363 - 0.335 0.028 
 
Carbon sorbent modified with 
212±4 0.249 - 0.229 0.020 
200 мкм 
100 мкм 
100 мкм 
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polyarginine 
 
 
 
 
 
 
 
 
 
 
a) b) 
Fig. 2. IR spectra: a) initial sorbent (1); sorbent modified with betulin (2); betulin modifier (3); b) initial sorbent (1); arginine modifier (2); sorbent 
modified with polyarginine (3). 
 
Determination of total nitrogen by the Kjeldahl method revealed the appearance of nitrogen (3.12±0.62 %) in the 
structure of the modified sample. This indicates that chemical modification with the indicated amino acid produced 
changes in the composition and content of functional groups on the carbon sorbent surface. 
The content of oxygen-containing groups on the surface of tested samples was determined. The total amount of 
oxygen-containing groups on the surface of the sample modified with polyarginine increased 4-fold; carboxyl groups, 
by a factor of 5.6; and phenol groups, by a factor of 1.3. The total amount of oxygen-containing groups on the surface 
of the sample modified with betulin was somewhat higher as compared to the initial sample, the amount of phenol 
groups increased by a factor of 1.7. The analysis validated the deposition of modifiers onto the sorbent surface. 
The adsorption properties of modified sorbents were studied in model and real systems. In this paper, results of the 
study are presented for the sample modified with polyarginine. 
The adsorption activity of the tested samples toward the proteins simulating toxic compounds in blood, lysozyme 
and α- lactalbumin, was investigated under model conditions. It was found that the modified sample possesses a much 
greater adsorptivity to the proteins under consideration (especially to lysozyme) as compared with the initial carbon 
sorbent. The adsorption of the protein marker lysozyme (MW 14300 g/mol, pI = 10.2) was 59±2 % for the initial 
sorbent and 70±4 % for the sorbent modified with polyarginine. The protein marker α-lactalbumin (MW 14200 g/mol, 
pI = 4.4) was sorbed by 57±1% with the initial sorbent, and by 63±2 % with the polyarginine-modified sorbent. 
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The adsorption properties of the sorbent modified with polyarginine toward proinflammatory cytokines (real 
systems) interleukin 6, interleukin 8, and tumor necrosis factor were assessed. The experiments were carried out using 
blood serum of laboratory animals (rats) with experimental peritonitis. The concentration of proinflammatory 
cytokines in blood serum was measured before and after its contact with enterosorbent.  
The experiments showed that the modified carbon sorbent samples substantially decrease the concentration of 
tumor necrosis factor α (TNF-α) and proinflammatory cytokines IL-6 and IL-8 in rat blood serum (Table 3). The 
better adsorption properties of the modified sample toward IL-8 can be attributed to the structure and molecular 
weight of this interleukin and to the pore sizes of the sorbent. 
 
Table 3. Adsorption properties of samples toward proteins (n = 30), (M±m). 
 
Blood serum proteins Concentration of cytokines, pg/ml 
before sorption after sorption  
IL-6 (MW 21000; pI 6.2*) 26.40±1.20 (11.2; 39.9) 22.20±0.50** (5.68; 27.2) 
IL-8 (MW 8500; pI 9.9*) 3.10±0.20 (1.03; 5.32) 0.95±0.06** (0.575; 2.250) 
TNF-α (MW 26000, pI 5.3*) 2.25±0.75 (0.875; 4.550) 1.2±0.03** (0.1; 3.1) 
Note: *MW is the molecular weight of a protein molecule, g/mol; pI is the isoelectric point of a protein; 
**statistically significant differences with respect to characteristics of animals before sorption (p < 0.05) 
 
It can be supposed that sorption of IL-8 proceeds via the interaction of functional groups of the modified sorbent 
with surface groups of the protein. These interactions resemble the processes occurring upon sorption of the marker of 
toxic proteins – lysozyme on the modified sorbent sample: the both proteins have a medium molecular weight, and 
their isoelectric points fall in the pH range above 7. The main effect on the interaction of cytokine molecules with the 
modified surface of sorbents was exerted by the local deposition of the polymeric amino acid film on the carbon 
support surface with the corresponding changes in its textural and acid-base properties. 
Thus, modification of the carbon enterosorbent with polyarginine resulted in the formation of a new biospecific 
medicinal preparation which is able to sorb mostly the proinflammatory cytokine IL-8. 
It was demonstrated that the data on adsorption properties of the carbon sorbent modified with polyarginine that 
were obtained under model conditions are comparable with the data for real systems. The developed medicinal 
preparations are promising for application in veterinary practice. 
5. Conclusion 
The composite veterinary preparation “Betulin in carbon microsphere” is an enterosorbent synthesized by the 
radically new technology. In the synthesis of this preparation, the biologically active substance betulin served as a 
modifier. Its physicochemical properties comply with the requirements to medicinal and veterinary sorbents. The 
adsorption activity of the developed preparation is superior to other known sorbents intended for veterinary 
application. The uniqueness of the preparation is related to a combination of detoxifying and immunocorrecting 
properties. The chosen concentration of the biologically active component provides incomplete filling of the pore 
volume of the material. The free surface of the preparation, which is not covered with the active particles, provides an 
efficient sorption of toxins from biological liquids. The specified organic phase makes it possible to transfer betulin 
into solution, and the selected impregnation conditions ensure the migration of the biologically active component 
from the sorbent surface and pores. This provides the prolonged action of the preparation. 
The carbon sorbent modified with polyarginine was synthesized by deposition of the amino acid on the carbon 
matrix followed by its polycondensation. The formation of new functional groups on the surface of the material 
underlies its high adsorption properties toward proinflammatory cytokines. 
The application of the developed biospecific sorbents will extend the scope of sorption materials used in veterinary 
medicine for the prevention and complex therapy of various diseases. Our studies open wide prospects for application 
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of the composite veterinary preparation “Betulin in carbon microsphere” and the carbon sorbent modified with 
polyarginine. 
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